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洋细菌，即好氧不产氧光合异养细菌 Roseobacter denitrificans OCh114 和玫
瑰杆菌属细菌 Silicibacter pomeroyi DSS-3 作为宿主菌，对其敏感性噬菌体进
行了分离与鉴定，并就它们与噬菌体之间的相互关系进行了研究。 
首先，我们以 R.denitrificans OCh114 作为宿主菌，自中国南海分离到一
株烈性噬菌体 RDJLΦ1，分别从电镜形态、感染周期、宿主范围、核酸和蛋白质
组成等方面对该噬菌体进行了分析和鉴定。电镜观察显示，该噬菌体具有一个等




伏期约为 80min，宿主菌被裂解时，平均每个细胞约释放 203 个子代噬菌体粒子。
该噬菌体具有较强的感染专一性，在受试的 24 株细菌中，仅 R.denitrificans 
OCh114 能被其感染。对噬菌体RDJLΦ1的核酸进行限制性酶切分析后，证实RDJL
Φ1 的基因组是一种双链 DNA 分子，并且其基因组中存在着某种形式的修饰化
碱基，使得其对一些常见的限制性内切酶具有抗性作用。对该噬菌体的基因组进
行 RAPD-PCR 扩增，并对扩增产物进行克隆测序后，得到了一段 1,651 bp 的噬
菌体基因组片段，对该基因组片段序列进行聚类分析后,发现噬菌体 RDJLФ1 与
另一株海洋噬菌体 JL001 具有较近的亲源关系。 后，使用 SDS-PAGE 结合















定，揭示 RDJLФ1 至少由 12 种不同的蛋白质所组成，其中 4 个蛋白为其宿主同
源蛋白，另外的 8个蛋白由于在现有的数据库中找不到其同源匹配物，被认为是
目前未知的新蛋白。以我们所知，本文中 RDJLФ1 代表了第一株分离到的好氧不
产氧光合异养菌（Aerobic anoxygenic phototrophic bacteria, AAPB）噬菌体，
为将来人们研究 AAPB 与其噬菌体之间的相互关系拉开了序幕。 
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Phages are the most abundant microbial group in the ocean. They play important 
roles in dominating the mortality of prokaryotic cells, structuring the microbial 
community, influencing the microbial food web process and promoting the 
biogeochemical (such as C and N etc.) cycles in the ocean. Since phage infection has 
an important impact on the bacterial physiological and biochemical process, for a 
comprehensively investigation and evaluation of the kinetic process and ecological 
significance of one microbial group, the substantial existence of phages in the 
surrounding environment and their interactions with these bacteria would be an 
indispensable factor to be considered. Studies on the interactions between bacteria and 
phages are of great ecological meanings. In this study, the two bacteria, Roseobacter 
denitrificans OCh114 and Silicibacter pomeroyi DSS-3, who both have an important 
ecological status in the ocean, were served as the host bacteria to isolate their 
susceptive phages and to set up their specific host-phage systems, then using these 
host-phage systems, the interactions of host bacteria and their phages were 
investigated. 
Firstly, by using R. denitrificans OCh114 as the host to challenge viral 
concentrate collected from the South China Sea, we isolated the roseophage RDJLΦ1 
and then characterized this phage from several aspects, such as phage morphology, 
growth characteristics, host range, nucleic acids and proteomic compostion, etc. 
Transmission electric microscopy revealed that RDJLФ1 has an isometric head (ca. 
69 nm in diameter) and a long, flexible, non-contractile tail (ca. 170 nm long and ca. 9 
nm wide), morphologically belonging to the Siphoviridae family. The strong 
resistance to chloroform indicated that RDJLФ1 is a lipid-free phage. It is capable of 
rapid lysis of host cells with a burst size of ca. 200 phages per cell and a latent period 
of ca.80 min. Host-range test revealed a highly specific infectivity of RDJLФ1 which 















double-stranded genomic DNA is refractory to several commonly used restriction 
enzymes, suggesting that it contains some modified nucleic acid bases. Sequence 
alignment analysis of a 1,651-bp phage DNA fragment, which was revealed by 
randomly amplified polymorphic DNA PCR coupled with cloning and sequencing of 
the amplicons, indicated a close relatedness of RDJLΦ1 with another marine 
siphophage ΦJL001. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of 
the virion proteins revealed that RDJLΦ1 is composed of at least 12 proteins. 
Surprisingly, 4 of them were identified as the host cellular proteins via matrix assisted 
laser desorption/ionization time-of-flight mass spectrometry/mass spectrometry 
(MALDI-TOF MS/MS) method. While since no homologues of the other 8 proteins 
were found in the NCBI database, they were considered to be novel proteins. R. 
denitrificans OCh114 is the first discovered aerobic anoxygenic phototrophic 
bacterium (AAPB), and RDJLΦ1 is the first phage isolated from the AAPB 
functional group. They represent the first host-phage model for studying the 
interactions between AAPB and its susceptive phages. 
Secondly, we employed atomic force microscopy and proteomic techniques to 
investigate the host responses of R. denitrificans OCh114 during the whole course of 
infection by RDJLΦ1. In situ real-time atomic force microscopic imaging of the 
infected R. denitrificans OCh114 cells revealed the morphological dynamic changes 
in the host surface following phage infection. Notably, several valuable atomic force 
microscopic images revealing the highly dynamic phage lysis process were obtained 
for the first time. It showed that several large hollows with increasing diameter and 
depth were abruptly and successively formed on the host surface, finally leading to 
the collapse of the host cell. Then, using the two-dimensional polyacrylamide gel 
electrophoresis method, at a global scale, we investigated the dynamic protein 
expression profiles of the host cells at different timepoints (0, 0.5, 1.5, 3 and 4.5 h 
postinfection) following phage infection. Interestingly, the host protein responses 
were found to be almost completed in only 30 min, which is much shorter than the 
latent period of RDJLФ1(ca. 80 min). For a preliminary investigation of the response 















identified using MALDI-TOF MS/MS method and are discussed separately in this 
article. From a new perspective, this study contributes to our knowledge about the 
interactions of bacteria and their phages, especially those which exist in the marine 
system.  
Under phage infection, sometimes some prokaryotic cells can survive by 
obtaining a mutation conferring upon themself the anti-phage ability. M1 is just such a 
phage resistant mutant of the marine roseobacter Silicibacter pomeroyi DSS-3. In the 
last part of this paper, the phage resistance mechanisms of the mutant strain M1 were 
investigated. Upon establishment of phage resistant strain M1 of S. pomeroyi DSS-3, 
our results excluded the possibilities of several phage resistance mechanisms, 
including abortive infection, adsorption inhibition, and the clustered regularly 
interspaced short palindromic repeats (CRISPRs). The comparison of protein 
expression profiles between the wild type strain (DSS-3) and mutant strain (M1) 
identified a potential phage resistance response due to the modification of four highly 
expressed proteins. One of these four proteins was successfully identified via mass 
spectrometry, and matched a hypothetical protein (SPOA0343) annotated from the S. 
pomeroyi DSS-3 genome. Our results suggest that the modification of these proteins 
like the protein SPOA0343 involves in the development of resistance to phage 
infection. To the best of our knowledge, this work constitutes the first application of 
comparative proteomics to the study of phage resistance. As a result, it expands our 
understanding of the anti-phage mechanisms of bacteria. 
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